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ABSTRACT 
The study took place at the Experimental Station of Pastures and Forages to evaluate the effect of the cut fre-
quency (45 and 60 days) on forage yields of Moringa oleifera ecotypes Nicaragua and Criolla, with irrigation and 
organic fertilization, on fluvisol, in the Cauto Valley. A randomized block design with 2x2 factorial design and four 
replicas was used. The plants were cut 10 cm high from the ground, and variables plant height, shoot amount and 
thickness, number of leaves, leaf/stem ratio, total dry matter (DM) yields, and dry leaves and stems, were deter-
mined. Except for the number of shoots, all the variables were significant for the cutting frequency (P < 0.001). The 
number of leaves was the only variable with a difference for the ecotype factor (P < 0.05). The highest yields in total 
dry matter were achieved at 60 days (3.8 t.ha-1). However, the experiment only lasted 180 days with gradual reduc-
tion in production, caused by the competition between M. oleifera and invading graminaceae. The study concluded 
that the cutting frequency of 60 days produced increased yields of DM. However, the cutting height favored the 
presence of invading plants, with decreasing yields and sustainability of forage production. 
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INTRODUCTION  
The Cuban eastern region has the most de-
graded and fragile ecosystems in the country. 
Most of the soils are saline or eroded, in addition 
to poor precipitation values in the dry season 
(Benítez et al., 2010). These conditions lead to 
very low persistence, and poor yields and quality 
of the main feeding sources of livestock raising 
systems. It required the introduction of other spe-
cies (mainly arboreal species) that can enhance 
animal nutrition. Among the benefits these spe-
cies bring to livestock are forage production, 
hedges, shadow, etc. One of the most promising 
arboreal plants is Moringa oleifera, with proven 
high nutrition values (Garavito, 2008), drought 
endurance, and acceptable yields (Foidl, Mayorga 
and Vásquez, 1999).  
The aim of this paper was to evaluate the eco-
type effect and cut frequency in terms of forage 
yields, with irrigation and organic fertilization. 
MATERIALS AND METHODS 
Location, climate, and soil      
The experiment was made at the Jorge Dimitrov 
Station of Pastures and Forages, Center for Agri-
cultural Research, 10 ½ km from the city of Ba-
yamo, Granma, Cuba, on fluvisol in the Cauto 
River Valley. According to Hernández (1996), the 
soil is flat, made of soft clay, and good draining 
conditions; fertility is medium. Annual precipita-
tion is between 800 and 1 200 mm, the mean tem-
perature 26 ºC, and relative humidity is 77% 
(Rosell et al., 2003).  
Treatment, design and statistical analysis    
The Kolmogorov-Smirnov test was made to 
check data normality. Variance analyses were 
made, based on factorial arrangement on a ran-
domized block design with four replicas, which 
considered the ecotype effects, cut frequency, and 
their interaction. The height, mean shoot thick-
ness, and yield data were transformed according 
to log (x) and the number of shoots (√x). Statistica 
98.0, for Windows, was used for statistical analy-
sis.  
Experimental procedure  
Irrigation was applied at a rate of 50 mm every 
21 days, plus 20 t of organic matter per hectare.  
Cutting was made 10 cm high from the soil. 
Observation of plant growth dynamics took 
place after the establishment cut, made on January 
10th, and it was continued depending on the cut-
ting cycle. Measurements included plant height, 
re-shoot number and thickness, number of leaves 
per shoots, whole plant weight, young stem 
weight, and leaf weight. After the harvest, sam-
ples were taken from three plants, and dried in 
stove at 60 ºC, for 72 h. Then, total DM, and leaf 
and stem DM were determined according to the 
dry weights.   
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The experimental units were divided into 9 x 7 
m lots with sample units in the mid rows, after the 
edge effects (the end rows on both sides of the 
lots), and the plants within the initial 50 cm of the 
rows were excluded. The rows were 0.5 m, and 
the plants were 0.25 m apart. The lots were 2 m 
apart from one other.   
The experiment lasted six months, from January 
to July 2012. 
RESULTS AND DISCUSSION 
The number of leaves per shoot was significant 
(P < 0.05) for the ecotype factor, Criolla stood out 
with 10 leaves per plant, in comparison to Nicara-
gua (9). The standard error of the means evaluated 
was ± 0.034. The cut age factor showed signifi-
cant effects for the morphological and yield vari-
ables (Table 1.).  
The Criolla ecotype had the highest number of 
leaves, which may be caused by the existing 
genotypic differences, even among individuals of 
the same species. It had a preponderant impor-
tance, considering that when dried, this tissue 
contains up to 30% GW, high contents of micro 
and macro nutrients, minerals, abundant and bal-
anced levels of essential aminoacids (Folkard and 
Sutherland, 1996). These chemical properties con-
fer high nutritional value to the ecotype in the dry 
season in Cuba, between November and April. 
The variables plant height, mean shoot thick-
ness, and leaves per shoot had the highest values 
at the 60-day cut, which coincided with the 
physiological behavior of plants.  
However, the values achieved for plant height 
and shoot thickness were inferior to the values 
achieved by Alfaro and Martínez (2008), when 
these variables were evaluated in different Gua-
temalan ecosystems, using M.oleifera ecotypes. 
The authors noted that the ecosystem effect, 
planting distance, and planting method, were 
variables that effected on the variability of the re-
sults achieved by Cordoví et al. (2013) when they 
evaluated the height of several arboreal plants in 
winter and summer, in the south of Mozambique, 
also above the values for this study. The behavior 
shown in table 1 for plant height owed to the in-
dividual phenotypical responses of the ecotypes, 
which influenced on physiological development.  
The varying number of leaves per shoots had 
the expected results due to the differences induced 
by the cut age. As age increased, the plant contin-
ued to develop, and the structural differences and 
agronomic responses increased; hence, the 
leaf/stem ratio was favored by the 45-day cut. In 
that sense, Herrera (2004) noted that when the 
harvest age increased, the leaf/stem ratio dropped.  
Regardless of the leaf/stem ratio behavior, the 
highest yields of total dry matter, leaves, and 
stems were significantly higher at the 60-day cut, 
because there was more structural and morpho-
logical development in the plant. When passing 
through this dynamic process, the plants elevated 
their production, provided there were not external 
limiting factors. Accordingly, DM production per 
area was higher, as photosynthesis was more effi-
cient due to larger and heavier leaves (Herrera et 
al., 2013).    
The results for total DM were better than the 
ones achieved by Palmero (2012), Loyola et al. 
(2013), and Loyola et al. (2014), under edapho-
climatic conditions in the municipality of Santa 
Cruz, province of Camaguey.However, these re-
sults were not as good as the ones achieved by 
Cordoví et al. (2013), in the south of Mozam-
bique, particularly due to the edaphoclimatic dif-
ferences observed during the studies.  
Although the stem yields of t.DM.ha-1 was sig-
nificantly higher than for the 60 days compared to 
the 45 days, this study recommends the 60-day 
procedure. This behavior does not compromise 
the crop´s nutritional quality or its prevalence 
(Table 1). The yields were also higher in the 
leaves at 60 days, due to an increase in size and 
specific weight. Regardless of the rise in the plant 
fiber as age increased, this behavior did not affect 
arboreal plants as much as graminaceae; hence, it 
was not highly considered for this species (Pérez 
Infante, 2013).  
Taking into account that DM yields and its evo-
lution established a variable that comprised agro-
nomic, productive and structural studies of arbo-
real and non-arboreal plants, their behavior was 
chronologically studied. At different cut ages and 
with respective cutting numbers, the behavior ob-
served varied (Fig. 1).   
This study only lasted 180 days because the in-
vasion of crawling graminaceae hampered the 
continuity of the experiments and the persistence 
of certain plants. 
However, the highest yields were observed in 
the February-April period, at the end of the dry 
season, and beginning of the rainy season. During 
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the period, the 60-day cut produced 5.8 tDM.ha-1, 
which doubled the 2.7 tDM.ha-1 achieved for the 
45 days. The rainy season began approximately 
90 days following the beginning of the experi-
ment, which made possible the invasion of unde-
sirable plants, especially invading graminaceae. 
Thus, M. oleifera´s capacity of response and 
competition was reduced thanks to the differences 
observed in the growing and development habits, 
which hindered the plant´s forage production.   
Despite rehabilitation, the losses and the dam-
age underwent by the plants that survived were 
inevitable, though the statistics were not collected 
in this study. Reyes (2004) and Pérez et al. (2010) 
noted that when high planting densities are im-
plemented, there is competition among the plants 
over nutrients, water, light, and vital space, caus-
ing the loss of plantlets, which may be between 
20-30% per cut, with effects on biomass produc-
tion. In that sense, Padilla et al. (2014), in the 
west of Cuba, used planting densities of 200 000 
plants/hectare, and evaluated the cut height (10, 
20, and 30 cm), in structure and DM yields for the 
species. They concluded that even for the 30 cm 
high cut, the arvense invasion continued to 
spread, and the yields were not significantly fa-
vored by any of the treatments evaluated, so the 
planting density was found to be the main cause 
of poor DM production in relation to the cut 
height.  
Nevertheless, Padilla et al. (2014) stated that the 
highest cut, number of leaves, and plant weight, 
were achieved in the plants cut 20 cm high from 
the soil, suggesting that the cut height favored the 
structure of the plant. It must be considered in fur-
ther agronomical studies of the species in the 
Cauto Valley. Moreover, these studies must last 
longer, and also include the effect of genotype in-
teraction with the cut height and frequencies on 
the variables that define the plant yields and per-
sistence.  
Furthermore, Pérez et al. (2010) described that 
the shoots had a biomass renovating role. In this 
study, the variable was not significant under any 
effects or in interaction, and it could be related to 
the invasion of crawling graminaceae. The num-
ber of re-shoots obtained was 1.7 per plant, with a 
0.4 variation coefficient.   
Ybalmea et al. (2000) reported a similar behav-
ior. They embraced the criteria of Araya and 
Benavides (1994), and attributed this effect to the 
dominance of more developed shoots, with higher 
nutrient requirements, combined with the effect of 
shade on smaller shoots, causing their death, and 
affecting the number of shoots in the plants. 
CONCLUSIONS 
The ecotypes studied did not have significant 
differences in the variables evaluated, except for 
the cut frequency, which was significantly higher 
for the 60-day cut. With the start of the rainy sea-
son, plant handling stimulated the presence of in-
vading plants and the reduction of M. oleifera 
competition, with a consequent drop in yields.  
RECOMMENDATIONS     
It is important to change plant cut management, 
in order to keep high levels of biomass produc-
tion, as observed during the first cuts. 
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Table1. Mean of variables for the cut frequency variable               
Cut frequency (days) Variables     
45 60 ±SE Sig. 
Height (cm) 4.4 (83.6) 
4.8 
(119.9) 1.60 *** 
Mean shoot thickness (cm) 0.6 (0.8) 
0.7 
(1.1) 0.17 *** 
Leaves per shoot 9 10 0.03 *** 
Leaf/stem ratio 1.4 (2.3) 
1.1 
(1.1) 0.15 *** 
Total DM yieldst.ha-1 1.3 (1.9) 
1.7 
(3.8) 0.50 *** 
Leaf DM yieldst.ha-1 1.1 (1.2) 
1.3 
(1.9) 0.50 SN 
 Stem DM yields t.ha-1 1.0 (0.7) 
1.3 
(1.8) 0.50 SN 
The data in parentheses correspond to original values 
P < 0.001*** 
 
 
 
Fig. 1. Evolution of total DM production of 180-day cuts 
 
 
 
